ABSTRACT
INTRODUCTION
Vegetables form an integral part of meals of people in Akwa Ibom State of Nigeria. Invariably, vegetables present a rich source of vitamins, minerals, fibre and protein. Green leafy vegetables despite their nutritional value are to be consumed with caution because of the presence in them of toxic anti-nutrients [1] [2] [3] [4] [5] . Anti-nutrients are natural compounds that interfere with the absorption of nutrients, hence are known to reduce nutrients availability to animals and humans [6] [7] [8] [9] . The higher the concentrations, the greater the risk posed on consumption. Adeboye and Babajide 1 report that the presence of anti-nutrient components in green leafy vegetables impair efficient utilization of calcium, zinc, iron and copper by the formation of insoluble complexes with the mineral elements.
Common anti-nutrients found in vegetables include: tannin, hydrocyanic acid (HCN) saponins, oxalates, phytates and polyphenols 5, [10] [11] [12] [13] . These anti-nutrients are usually present in trace amount, and are found at different levels in almost all foods. The levels in food crops however, get reduced by in-home preparations and storage techniques [13] [14] [15] . According to Anderson 16 , anti-nutrients easily can be detoxified by various processing methods such as soaking, boiling and frying. Processing partly removes anti-nutrients and lowers food toxicity 17 ; however, consumption of very large quantities of such food may still result in a health risk.
The main objective of this study is to determine the effect of temperature (heating in water) on the levels of some anti-nutrients (HCN, tannins, phytate and oxalate) in three local edible vegetables, Pterocarpus mildbraedii, Lasianthera africanum and Piper guineense purchased in Uyo, Nigeria.
MATERIALS AND METHODS

Sample collection and treatment
The leaves of Pterocarpus mildbraedii, Lasianthera africanum and Piper guineense ( Figure  1 ) were purchased from Akpan Andem market in Uyo, Akwa Ibom state, Nigeria. Each vegetable sample was destalked, washed, shredded and divided into four lots. The first lot was sun-dried, ground into fine powder with a manual blending machine and stored in a well-labelled air-tight container. The other three lots were heated on a temperature-regulated hot plate at temperatures of 50 o C for 5 minutes, and 90 o C for 5 and 15 minutes. After heating, the vegetables were sun-dried, ground into fine powder and stored in well-labelled air-tight containers.
Determination of anti-nutrients
Hydrocyanic acid (HCN) content was determined using the alkaline picrate method 18 . Fifty milliliters (50 ml) of distilled water was added to 5 gm of the ground sample in a conical flask and allowed to stay overnight. Four milliliters (4 ml) of alkaline picrate was then added to 1ml of the filtrate extracted in a corked test tube, and incubated in a water bath for 5 minutes. The absorbance was read with a spectrophotometer at 400 nm. Absorbance of the blank solution containing 1ml of distilled water and 4ml alkaline picrate was also read. The hydrocyanic acid content was then extrapolated from the standard curve.
Tannin content was determined by the Folin-Denis spectrophotometric method described by Pearson 19 . One gramme of the sample was added to 10 ml of distilled water. The filtrate was poured into a 50 ml volumetric flask. Two point five millilitre (2.5 ml) tannic acid was added to another 50 ml volumetric flask to prepare the standard solution. One milliliter (1ml) Folin-Denis reagent was then added to each flask followed by 2.5 ml of saturated Na 2 CO 3 solution and incubated for 90 minutes; the absorbance was read at 250 nm with a spectrophotometer.
Phytic acid content was determined as described by Mecance and Widowsen 20 , using the permanganate titration method. The procedures for the anti-nutrients determination are summarised in Figure 2 .
Analar-grade reagents were used in the preparation of all solutions. Quality control was ensured by the use of duplicates and procedural blanks. Microsoft Excel was used for all statistical analyses.
RESULTS AND DISCUSSION
The effects of temperature on the antinutrients content of Pterocarpus mildbraedii, Lasianthera africanum and Piper guineense are presented in Figure 3 and o C for 120 minutes. The HCN levels in the three vegetables prior to heating are higher than the lethal dose for man 21 . Cyanogens can be hydrolysed by enzymes to release a volatile HCN gas. High levels of HCN has been implicated in cerebral damage and lethargy in animal and human 22 . The lethal dose for an adult depends on body weight and nutritional status, and is between 30 and 210 mg of hydrogen cyanide; while the lethal dose of HCN for cattle and sheep is 2.0-4.0 mg/kg body weight 17 . On heat treatment, HCN in the vegetables fell to within the Food Standards of Australia New Zealand (FSANZ) 17 .
Tannins are water soluble phenolics compounds with ability to bind protein from aqueous solutions. They are toxic and interfere with digestion and absorption of proteins and, also the utilization of vitamins and minerals [23] [24] [25] . 
Fig. 1 : Edible vegetables used for the study
Piper guineense (Odusa) Pterocarpus mildbraedii (mkpafere) Lasianthera africanum (Editan) P hy t a t e m e a n l eve l s i n u n t r e a te d Pterocarpus mildbraedii, Lasianthera africanum and Piper guineense of 35.3, 36.3 and 36.1 mg/100g respectively, were higher than the recommended level of 25 mg/100g in food 27 ; with Lasianthera africanum recording the highest. The levels though are lower than in Telfairia occidentalis (50 mg/100g) and Basella alba (80 mg/100g) 26 . Phytate is associated with nutritional disease such as ricket in children and osteomalacia in adults. Phytic acid acts as strong chelator forming protein and mineralphytic acid complexes thereby reducing protein and mineral bioavailability 22 . An intake of 4-9 mg/100g of phytate is said to decrease Fe absorption by 4-5 folds in humans 28 . The phytate in the vegetables reduced with increase in temperature and heating time. Oxalates chelate bivalent minerals such as Ca and Fe. This has serious implication for health, particularly in children, pregnant and lactating mothers that require more Ca and Fe 7 . High intake of oxalate predisposes to renal disorder through formation of kidney stones 24 and rarely, disorder of central nervous system 5 . The values obtained in the present study are lower than the lethal dose of 200-500 mg/100g oxalate reported by Bushway et al. 29 . Acamovic et al. [1] [2] [3] [4] [5] , reported 20 g/kg to be lethal to chicken. It has also been reported that the lethal level of oxalate in man is 3-5 g 31 , and that daily intake of 450 mg of oxalic acid interferes with various metabolic processes 8 . 
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. The levels of total and soluble oxalate reduced after heating in all the vegetables ( 4 mg/100g) for Lasianthera africanum in the present study. The wide disparity in anti-nutrients in the edible vegetables could be explained by the fact that anti-nutrients are genetically controlled and depend on factors such as soil type, location, plant's age and maturity, type of plant as well as the position of leaves 9, 24, 34 .
CONCLUSION
The edible vegetables in this study contained anti-nutrients in varying concentrations. Tannins recorded highest levels in all the vegetables followed by total oxalate, while phytate was lowest. On comparative scale, Piper guineense contained the lowest values of all anti-nutrients; Lasianthera africanum had highest anti-nutrients values with the exception of total oxalate, while total oxalate was highest in Pterocarpus mildbraedii. Heating generally reduced the anti-nutrients (HCN, tannin, phytate and oxalate) levels as evident in percentage reduction as temperature and heating time increased. From the results, it can be concluded that controlled heating is effective processing method for reduction of antinutrients in the selected vegetables. And as the antinutrient levels are markedly reduced at temperature less than boiling, processing the vegetables for food may not necessarily require boiling, rather with heating time of not less than 15 minutes for processing the vegetables; this in effect will ensure optimum availability of their nutrients.
